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Printing of text and images 
Technical field 

The present invention pertains to a sensor means and a print-head assembly for a 
5 hand-held and hand-operated printing on a print medium controlled by a processor, and a 
method therefore, so called Random Movement Printing Technology (RMPT). Specifically it 
provides an arrangement and a method to prevent cutting of printed text or other hnages in 
consecutive printing bands/lines. 

Badb^ound art 

10 Hand-held and hand-operated printing devices with an ink-jet print-head are 

known through various documents. 

US patent No. 5,927,872 to Yamada discloses a system and a method of printing 
an unage represented by a frame of image data utilizing a hand-held printer having optical 
sensor means for tracking positions of the hand-held printer relative to tiie surface of a print 
15 medium during a printing process. It is monitored in real time using navigation information 
generated by the optical sensor. 

Each optical sensor comprises an array of opto-electronic elements to capture 
images of die surface of a print medium at fixed time intervals. Preferably, the optical sensor 
means can detect slight pattern variations on the print medium, such as paper fibers or 
20 illumination pattern formed by highly reflective surface features and shadowed areas between 
raised surface features. These features can then be used as references for determining the 
position and tiie relative movement of the hand-held printer. During the printing process, tiie 
printed portions of the image can also be used as reference positions by the hand-held printer. 
In the preferred embodiment, the hand-held printer contains a navigation 
25 processor and a printer driver. Using the printer driver, the navigation processor drives tiie 
hand-held printer to print segments of die image onto a print medium as tiie hand-held prmter 
travels across the print medium during a printing process. Each segment of tiie image is 
printed onto a particular location on tiie print medium to form a composite of tiie image. 

In the US patent No. 6,233,368 Bl to Badyal et al it is taught a CMOS digital 
30 integrated circuit (IC) chip on wHch an image is c^rtured, digitized, and tiien processed on- 
chip in substantially tiie digital domain. 

A preferred embodiment comprises im^ng circuitry including a photo cell 
array for capturing an image and generating a representative analog signal, conversion 
drcuitiy including an n-bit successive approximadon register (SAR) analog-to-digital 
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converter for converting the analog signal to a corresponding digital signal, filter circxiitry 
including a spatial filter for edge and contrast enhancement of the corresponding image, 
compression circuitry for reducing the digital signal storage needs, correlation circuitry for 
processing the digital signal to generate a result surface on which a minima resides 
representing a best fit image displacement between the captured image and previous images, 
intrapolation circuitry for mapping the result surface into x- and y-coordinates, and an 
iatsr&Xie with a device using the xjhip, such as a hand-held scanner. 

TTie fiilter circuitry, the compression circuitry, the correlation circuitry and the 
interpolation circuitry are all embodied m an on-chip digital signal processor (DSP). The DSP 
embodiment allows precise algorithmic processing of the digitized signal with almost infinite 
hold time, depending on storage capability. The corresponding mathematical computations 
are thus no longer subject to the vagaries of CMOS chip structvire processing analog signals. 
Parameters may also be programmed into the DSP's software making the chip tunable, as well 
as flexible and adaptable for different applications. 

US patent No. 5,644,139 to Allen et al discloses a scaiming device and a method 
for forming a scanned electronic image including the use of navigation information that is 
acquired along with image data, and then rectifying the image data based upon the navigation 
and im^ige information. The navigation mfonnation is obtained in fi:ames. The differences 
between consecutive frames are detected and accumulated, and this accumulated displacement 
value is representative of a position of the scanning device relative to a reference. The image 
data is then positioned-tagged using the position data obtained fix)m the accumulated 
displacement value. To avoid the accumulation of errors, the accumulated displacement value 
obtained firom consecutive firames is updated by comparing a current fi-ame with a much 
earlier frame stored in memory and using the resulting difference as the displacanent from 
the earlier frame. These larger displacement steps are tiien accumulated to determine the 
relative position of the scaiming device. 

The above documents teach how to determine the position in a conceptual 
generation of navigation information. In this context the US patent 5,927,872 to Yamada uses 
the navigation information for a hand-held scaoner disclosed in US patent 5,644,139 to AUen 
et al. The invention according to Allen et al teaches navigation through comparison of pixels 
on a firame basis. 

When printing lines/rows of text or images with, for example, a hand held 
printer of a type described through the Swedish patent application 0102542-8 by Waiting, not 
yet published but described below, tiiere are problems related to skew between successive 
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lines/rows, when the print-head is moved back and forth from the right to the left downwards 
on a print medium such as a piece of paper. The printing operation builds up an image of 
hori2mntal bands m lines where a lower band is an extension of an upper band. Hereby, sensor 
means for positioning sensmg of the print-head are providing the printer with information so 
5 that positions and an angle of rotation can be determined on the print medium used. This must 
be accomplished vary accurate in order to avoid skewing and/or clipping o^ for example, 
printed characters. 

Hence, if the absolute position and/or angle of rotation do not correspond with 
the values input to the prmter, due to, i.a., the system resolution, the bands of text would not 
10 fit to each other. Obvious consequences of band skew are clipping/cutting of characters to be 
printed, depicted as a part of, for example, a character bemg printed in an upper band and the 
remaining part in a lower band ui sweeps with the printer, and the character or word printed 
becomes hard to interpret, i.e., readability is distorted. 

Regarding tlie resolution of a positioning sensor, currently used sensors have 
1 5 been shown to transfer mal positioning within 0.5-1 .0%. hi order to avoid distortion, current 
sensor resolution has to be improved with a factor 10. 

Summary of the disclosed mvention 
The present invention relates to a new print-head assembly for a hand-held and 
hand-operated printing on a print medium controlled by a processor. To solve problems 
20 mentioned in the latter part of the background description, the assembly is provided an 

arrangement and a method for preventing skew and cutting of printed text or other images. 

Hence, the present invention sets forth a sensor and print-head assembly 
comprised in a housing for a hand-held and hand-operated printing device controlled by a 
processor, comprising at least one sensor means, a print-head array, input means on said 
25 housing connected to said processor for mput of assembly control commands, and means for 
keeping track of the assemblies and print-heads position on a print medium. It thus, for a 
print out sweep with said array, comprises: 

means for determining the x and y coordinates for at least one distal end of at 
least one row of printing means m said print head array, and the angle of rotation of said row 
30 with reference to a base Une, made up of coordmates for the long side of an hnage stored to be 
printed, whereby every dot of a part of an image to be printed having determinable 
coirespondmg x and y coordinates related to a determmed position for said row; 
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means for determining an x and y coordinate for a first tangent of said row with 
the first part of said image to be printed, and at least one second tangent for said image in 
relation to a mathematically defined configuration relating to the rotation angle of the row and 
said distal end, said second tangent making up a boundary for when a print out of said part 
5 image should take place; 

means for determining if said row during movement is closing in to said second 
tangent fix)m the clockwise or counter clockwise direction; and 

means for providing a print out decision for a subsequent part image to be 
printed through said print-head in firont of a print out, if the row is closing in clockwise to the 
10 second tangent when using the upper distal end of the row as reference for the second tangent 
(84), and the vice versa when using the lower distal end as reference for a sweep. 

In one embodiment of the present invention, the print-head is of the ink-jet type 
with spray nozzles making up said row. A fijrther embodiment comprises that the first and last 
nozzle in said row are references for said distal ends. 
15 A still further embodiment provides that the mathematical configuration has one 

origin on at least one of the distal ends of said row. Another embodiment provides that the 
configuration is used for clockwise rotation and/or counter clockwise rotational print out 
feeding through said row. 

A yet fiirther embodiment comprises that said mathematical configuration is a 
20 line suitable for forward feeding with less rotation of said array. In another embodiment said 
mathematical configuration is a curve suitable for rotation feeding of said array. 

Yet another embodiment provides a firame that is related to each part image to 
be printed, thus defining every part image through at most four tangent coordinates for said 
first and said second tangent. In a fiurther embodiment coordinates for a firame are stored in a 
25 table sorted in accordance with corresponding part images to be printed. In one embodiment 
said firame is longer then the actual part image to be printed, whereby a next image to be 
printed is pre-checked according to its alignment for printing. 

Yet one fiirther embodiment provides that said array row is approximated with 
at least one half of a rectangle, thus faciUtating the finding of a tangent for said row for a part 
30 image to be printed. 

The present invention also presents a method for a sensor and print-head 
assembly comprised in a housing for a handheld and hand operated printing device controlled 
by a processor, comprising at least one sensor means for keeping track of the assemblies and 
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print-heads position on a print medium and a print-head array. The method thus comprises, 
during a print out sweep with said array, the steps of: 

- determining the position of the array at each moment; 

- predicting the positions of the array for subsequent moments in order to 

5 - determine whether a text block or an image is about to be printed during said 

subsequent moments and if so 

- deciding whether the complete text block or image, or a predefined part of the text 
block or the image will be covered by said array during said print out sweep, based on 
said predictions, and if not, 

10 - omitting a print out of said text block or image, or said part of the text block or image 

during said print out sweep, otherwise 

- printing out said text block or image during said print out sweep. 

Moreover the present invention presents a method for a sensor and print-head 
assembly comprised in a housing for a hand-held and hand-operated printing device 
15 controlled by a processor. It comprises at least one sensor means, a print-head array, input 
means on said housing connected to said processor for input of assembly control commands, 
and means for keeping track of the assemblies and print-heads position on a print medium. 
During a print out sweep with said array, it performs the steps of: 
determining the x and y coordinates for at least one distal end of at least one row 
20 of printing means in said print head array, and the angle of rotation of said row with reference 
to a base line, made up of coordinates for the long side of an image stored to be printed, 
whereby every dot of a part of an image to be printed having determinable corresponding x 
and y coordinates related to a determined position for said row; 

determining an x and y coordinate for a first tangent of said row with the first 
25 part of said image to be printed, and at least one second tangent for said image in relation to a 
mathematically defined configuration relating to the rotation angle of the row and said distal 
end, said second tangent making up a boundary for when a print out of said part image should 
take place; 

determining if said row during movement is closing in to said second tangent 
30 firom the clockwise or counter clockwise direction; and 

said print-head accomplishing a print out of said part of an image as long as the 
row is closing in clockwise to the second tangent when using the upper distal end of the row 
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as reference for the second tangent, and the vice versa when using the lower distal end as 
reference for a sweep. 

It is appreciated that the methods of the present invention is able to perform 
steps addressed through the above assembly embodiments, as addressed through the attached 
5 set of method sub claims. 

Brief description of the drawings 

Henceforth reference is had to the accompanying drawings for a better 
understanding of the given examples and embodiments of the present invention, wherein: 

Fig. 1 illustrates a perspective view in section of a printing device that may be 
10 used in the present invention; 

Fig. 2 illustrates a perspective view jfrom underneath of a printing device 

according to Fig. 1; 

Fig. 3 illustrates a schematic view of the main components of a printing device 

according to Fig. 1 and 2; 
15 Fig. 4 illustrates a perspective view of another embodiment for a printing device 

that may be used in the present invention; 

Fig. 5 illustrates a perspective view of a simpler printing device that may be 
used in the present invention; 

Fig. 6 schematically illustrates a sensor/print-head assembly that may be used in 

20 the present invention; 

Fig. 7 illustrates a diagram with parameters used to determine the position of a 
sensor that may be used in the present invention; 

Fig. 8 illustrates a diagram with parameters for a print-head nozzle position; 
Fig. 9 illustrates an image to be print out; 
25 Fig. 10 illustrates a part random print out of the image with a printer of, for 

example. Fig. 1; 

Fig. 11 illustrates a row in a print-head array in accordance with one 
embodiment of the present invention; 

F^. 12 illustrates images that are framed in accordance with one embodiment of 
30 the present invention; 

Fig. 13 illustrates a row hi a print-head array, being allocated half s of 
rectangles in accordance with one embodiment of the present invention; and 

Fig. 14 illustrates a row m a print-head array, being allocated one half of a 
rectangle in accordance with one specific embodiment of the present invention. 
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Detailed description of preferred embodiments 

As mentioned in the foregoing, the present invention relates to a new print-head 

assembly for a hand-held and hand-operated printing on a print medium controlled by a 

processor. To solve problems relating to skew and/or clipping of images during consecutive 

5 sweeps with a RMPT printer, the assembly is provided an arrangement and a method for 

preventing skew and cutting of printed text. 

A detailed description of the arrangement and method in accordance with the 
present invention is provided with reference to Fig. 1 1 to Fig. 14 below. 

Fig. 1 to Fig- 10 disclose or relate to a hand-held printer device as described in 
10 the Swedish patent application 0102542-8 by Walling, not yet published, which substitutes 
both the mechanical control of a print-head and forward feeding of a print-out through hand 
movements on a printing surface. This enables a manufacturing of a printer device, having 
less width than the actual print-out, and a reduction of the total of mechanical components in 
its construction. 

15 It is designed to provide a compact portable printing device in order to enable a 

user to print from small portable devices such as a cellular phone, a portable PC, a personal 
digital assistance (PDA) or the like, and other portable electronic devices or for electronic 
stamping, printing of small texts, tags, addresses, cutting and clipping. 

By fixing a print-head in a construction plate where one or more positioning 

20 sensor means are fixed as well, it is possible to obtain a geometrical construction with an x- 
and y- coordinate system and to establish, with great mathematical accuracy, the coordinates x 
and y for each individual ink-jet opening/nozzle in the print-head. 

The coordinates, during a time frame, constitute the grounds for an accurate and 
precise spraying of ink-drops onto a printing surface according to a predetermined printing 

25 design. Even when the coordmates change over a time period, it is possible to calculate in real 
time, the changes in direction, speed, acceleration, rotation etc. along the z-axis controlled by 
a microprocessor. It provides the possibility to adjust the printing-head to spray an even and 
pre-programmed flow of ink-jet drops into an adjustable and varying flow of ink-jet drops. 
Fig 1 and 2 illustrate a hand operated printing device composed by a 

30 construction/design body 1 and a print-head 2 which interact with one or more optical 

positioning sensor means 3, a micro controller circuit 4, a communication unit 5 to transmit 
the data, one or more command buttons 6 a control screen, and a source of energy, in this 
case a battery 8. 
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The embodiment according to Fig.l and 2 illustrate the different components of 
a printing device fixed to a printed circuit card which simultaneously functions as a 
construction surface where those components are fixed. An elevation in the construction 
secures that the lowest surface of the printing device does not touch the area where the ink has 
5 been previously applied provided that the printing device is removed firom that area. 

The printing process starts with a data file containing pre-selected printing 
patterns, which are sent via the communication unit 5 to a data memory, for example, one 
which is built into the micro controller circuit 4. With the assistance of a built-in positioning 
sensor means 13 and one of the command buttons 6 the coordinates are indicated to an 
10 outgoing pomt of reference in the printing surface. One or more sources of light, for example 
light emitting diodes (LED), lighting up the printing firame so that the optical positioning 
sensor means are activated and then the forward feeding of the coordinates to the micro 
controller circuit can take place. 

When the positioning sensor means 3 and the print-head 2 are fixed in relation 
15 to each other, a geometrical construction with all the necessary parameters for a mathematical 
calculation of the coordinates of the print-head 2 can be achieved. 

The micro controller circuit 4 contains a software program, which uses the 
incoming data firom the positioning sensor means 3 and mathematical equations to calculate 
in real time the coordinates for each individual ink-jet nozzle 12. 
20 Using the measures of two coordinates establishes the required movement 

direction for each case. The time difference between two measurements indicates the 
acceleration and speed required. Simultaneously all measurements and equations are 
compared with the stored printing commands based upon coordinates equated firom the 
original data file. 

25 At this stage the micro controller circuit has sufficient information to seize a 

decision. On a positive indication an electric impulse is generated in the piezo- or termo- 
electrical micro pumps in the concerned ink-jet nozzles 12, which in turn sends out ink-jet 
drops onto the printing surface. 

The printing commands are erased after each electric impulse so that even if the 

30 ink-jet nozzles coincide with the previous coordmates no mk drops are sent out to the existing 
print out. 

Fig. 3 illustrates how the different components of the printing device interact as 
well as reproduction of the geometrical forms established between the ink-jet nozzles 12 and 
the positioning sensor means 3. 
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The embodiment according to Fig. 4 illustrates the printing device with a 
complementary digital camera 14, for example, such as a CCD equipped camera. 

The print-head 2 can be pre-progranmied to send out, with even intervals small 
groups of separated microscopic ink-jet drops pairs, which do not belong to the actual printing 
pattern but which can build a recognizable pattern for the camera 14. The camera registers 
these dots and transmits the mformation onto the micro controller circuit 4 which uses the 
information as a reference for ongoing revision of the position of the printing device and in 
that way reduce the effect of the margin of error built-in the positioning sensor means 3. This 
embodiment is especially effective when printmg on bigger surfaces as well as when the 
resolution and qxiality demands are high. 

These groups of microscopic ink-drops are essentially invisible for the human 
eye and they do not affect the printtug result in any noticeable way. 

Fig. 5 illustrates another embodiment for printing of smaller text quantities or 

graphics. 

This can be considered as an electronic labeling with a pre-programmed and/or 
programmable electronic stamp pad. 

In this embodiment only one positioning sensor means 3 is used and accordingly 
a shnpler micro controller circuit 4 is needed, since the printing device only makes smaller 
and relatively straight movements. 

The sensor/print-head device consists of two position sensor means SO, SI and a 
print head array 60 mounted together as Fig. 6 illustrates. Fig. 6 illustrates further, the two 
sensor means SO and SI in a fixed relation to a print-head array 60 with mk-jet nozzles. Ho 
depicts the distance from the array 60 to the sensor means SO, here Ho constitutes the same 
distance to the sensor means SI . Ve and Vo, indicate the distance to the upper most and the 
lover nozzle in the array 60, respectively. The sensor means SO, SI provide a signal 
corresponding to movements in x- and y-directions in a first coordinate system fixed to the 
respective sensor means SO, SI. The sensor means SO, SI are fixed so that their coordmate 
systems are parallel to each other. A software keeps track of the assembly's position and 
angle relative to the paper coordinate system by integrating the movements given by the 

sensor means signals. 

The new positions given the differential movements of sensor means SO, SI are 

calculated as follows. 

All position changes given in the sensor means coordinate system must be 
transformed to position and angle of the sensor system m a paper or other print medium 
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coordinate system, here named as a second coordinate system. Since the distance, 2Ho, 
between the two sensor means is fixed it is satisfactory to know the position of one sensor 
means and the angle of the print head array relative to the second coordinate system. 

Illustrated in Fig. 7, is a movement or navigation of the sensor print-head 
assembly accordmg to Fig. 6. The array 60 has been moved or navigated an angle alpha. The 
upper most nozzle is depicted as Pnlast and the lower nozzle as Pnfirst, respectively, in Fig. 7. 
Also, the second coordinate system is depicted with the two longer arrow axis in Fig. 7. 

In Fig. 7 at least one of the sensor means is assigned a first coordinate system, 
whereby one axis 62, preferably the x-axis, is directed through both sensor means SO, SI, and 
the other axis, preferably in a relation to the array 60, here in parallel to the array. 

In Fig. 8, the same movement as in Fig. 7 is depicted, but without the array 60. 
The Fig. 8 further depicts a first coordinate system on the coordinate axis 60 directed through 
both sensor means SO, SI . The first coordinate system, is in this embodiment duplicated, as 
indicated through the arrows on the axis 62, but as the distance between both sensor means 
SO, SI is fixed only one of the first coordinate systems is needed for computation. 

The movement of the sensor means SO or SI ( it does not matter which one) in 
the paper or print medium second coordinate system at an angle 'alpha' is calculated, as: 
deltaX = SODifEX ♦ cos(alpha) - SODiffY * sin(alpha) 
deltaY = SODifEX * sin(alpha) + SODiffY ♦ cos(alpha) 
Where SODifEX and SODiffY are the movements of the sensor means in x- and 
y-directions respectively, in the sensor/print-head device, named first coordinate system. 

The angular change can be calculated as the difference of the sensor means y- 
movements in the sensor means first coordinate system multipUed by a constant that is 
determined firom the distance between the sensor means SO, SI. To simplify, the angle is 
measured in units of one sensor "step" and the sine and cosine values are taken fixjm tables 
that are adjusted accordmg to this. Thus SlDiffY - SODiffY, provides the angle change. 

The movement in x-direction of sensor means S 1 is not used, the information is 
redimdant since the sensor means geometry is fixed. 

When the position of one sensor means SO or 81 and the tUt angle of the 
sensor/print head assembly alpha are known the positions of the print head nozzles can be 
calculated as follows, depicted in Fig. 7: 

The positions of the fibrst and last nozzle are calculated as: 
PNfirstX = SOx + Ho * cosme(alpha) -Vo ♦ sine(alpha) 
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PNfirstY =SOy + Ho * sme(alpha) +Vo * cosine (alpha) 
PNlastX = SOx + Ho * cosine(alpha) -Ve * sine(alpha) 
PNlastY = SOy + Ho * sine(alpha) + Ve * cosiiie(alpha) 

To calcxilate the positions of all nozzles, it is to start with the first nozzle 
positions and adding up the difference m x- and y-directions between the nozzles, calculated 
by dividing the x- and y-distance between the first and last nozzle by the number of nozzles: 

PN(n)X = PNfirstX + n * deltaX 
PN(n) Y = PNlast + n * deltaY 
where 

deltaX = PNlasfX - PNfirstY 
deltaY = PNlastY - PnfirstY 

In accordance with the teaching it sets forth a sensor and ink-jet print-head 2 
assembly comprised in a housing 1 for a hand-held and hand-operated printing device 
controlled by a processor 4. It thus comprises: 

two position sensor means SO, SI at least one sensor means being related to a 
first coordinate system, having one axis in a relation to the print-head assembly, and one axis 
62 in a direction through both sensor means; 

a prmt-head array 60 attached in a fixed position to tihie sensor means SO, SI; 

input means 6 on the housing connected to the processor for input of control 

commands; 

determining means for reference coordinates in a second coordinate system 
provided m relation to a print medium, the reference coordinates being established by a 
control command through the input means 6 with the thus read sensor means signals; 

integrating means for keeping track of the assemblies position related to the 
reference coordinates in the second coordinate system by mtegrating displacement of the 
sensor means position in the first coordinate system; 

computmg means for transforming the sensor means SO, SI coordinates to coordinates in the 
second coordinate system, whereby the assembUes position on the print medium is determined 
in relation to the reference coordinates. 

Sensor means and print-heads that are stiitable to use are well known m the art 
and described in for example US patent 5,927,872 to Yamada, US patent 6,233,368 Bl to 
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Badyal et al, and US patent 5,644,139 to Allen et al. Sensor means can be bought from 
AgUent, www.agilent.com . Another sensor means has the product name HDNS-2000 and 
enables 1.500 pitures/s, the next model in progress enables 6.000 pictures/s. Sensor means in 
this description can comprise known means that are to cooperate together with a sensor itself, 
for example, LEDs or only be sensors or an array of sensors. 

Fig. 9 illustrates an image to be print out with the assembly, thus stored in the 
assembly's memory, and Fig. 10 depicts a part print out in a random movement. 

Now with reference to Fig. 11, when printing lines/rows of text or images with, 
for example, a hand held printer of the type described in the foregoing, there are problems 
related to skew between successive lines/rows, when the print-head is moved back and forth 
from the right to the left downwards on a print medium such as a piece of paper. The printing 
operation builds up an image of horizontal bands in lines where a lower band is an extension 
of an upper band, one band can comprise multiple lines of text, see Fig. 11, having two lines, 
one comprising the text "Printin" and one "text". Hereby, sensor means for positioning 
sensing of the print-head are providing the printer with information so that positions and an 
angle of rotation can be determined on the print medium used. This must be accompUshed 
very accurate in order to avoid skewing and/or cUpping of, for example, printed characters. 

Hence, if the absolute position and/or angle of rotation do not correspond with 
the values input to the printer, due to. i.a.. the system resolution, the bands of text would not 
fit to each other. Obvious consequences of band skew are clipping/cutting of characters to be 
prmted, depicted as a part of, for example, a character being printed in an upper band and the 
remaining part in a lower band in sweeps with the printer, and the character or word printed 
becomes hard to interpret, i.e., readability is distorted. 

Regarding the resolution of a positioning sensor, currently used sensors have 
been shown to transfer mal positioning within 0.5-1.0%. In order to avoid distortion, current 
sensor resolution has to be improved with a factor 10. 

Fig. 1 1 illustrates a row 70 in a print-head array in accordance with one 
embodiment of the present invention. A user of the print-head assembly of the present 
invention is of course aware of to a certain degree, or indicated, how much the assembly is 
tUted in relation to a base line. But neverflieless the user can sUp or prefer to rotate the 
assembly instead of sweeping forward in smooth continuous steps. 

The RMPT printer reUes on that the print-head is firmly attached in the 
assembly, and a printing operation or a print out is accomplished so that a user moves the 
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printer on the print medium, successively building up the image to be printed. There are three 
degrees of freedom when moving the printer: 

1. X-axis wise (rightAeft) 

2. y-axis wise (up/down) 

3. rotating 

The angle of the printer array row 70 is 0° when its printing line (here the same 
as row 70) is parallel with the long side (base line) of an image to be printed, stored in a 
memory of the assembly. For the embodiments described herein an ink-jet print-head, having 
spray nozzles is provided, but other print-heads are possible to use when implementing the 
present invention. More specifically, the print-head array is comprised of a row 70 of 128 
nozzles, and uses sensors in accordance with the foregoii^ description. 

The sensors SO, SI presently used provide pulse trains as output signals, where 
each pulse reassembles a movement of the row 70 of approxunately 1/400 inch. In one 
embodunent of the invention the assembly print-head prints out images of the bmp (bitmap) 
type, and the images are comprised of pure text, graphics, or a combination of both. But other 
versions of the assembly are likely to provide serial interfaces where a bulk of text arrives as 

characters to the printer. 

The Inkjet nozzle row 70 with distal ends 76 and 78 in Fig. 1 1 is depicted with 
two dotted arrow lines 72 and 74, indicating a tangent 84 through Ime 72 on an image 
"Printin" to be printed. Contrary to line 72, line 74 indicates an unwanted situation, where an 
image 'Text" will be cut or cUpped at point 86 if a print out is decided to occur, if the printer 
with row 70 is moved in a direction coinciding with the normal of row 70, a rotation 
clockwise would cut or cUp the hnage "Print", and a counter wise rotation the image "Text". 

To solve the problem of cUpping and cutting images due to skew or tilting of the 
row 70, the present invention provides, during a print out sweep with the array/row 70, means 
for determining the x and y coordinates for at least one distal end 76, 78 of at least one row 70 
of printing means in the print head array. Further determining the angle of rotation of the row 
70 with reference to a base line or long side of an unage, stored, to be printed. Every dot, 
pixel, of a part of an image ("Printin", "Text") to be printed does have a determinable 
corresponding x and y coordinate related to a determined position for the row 70, as for 
example described above. 

Furthermore the present invention provides means for determining an x and y 
coordinate for a first tangent 80, 82 of the row 70 with the first part ("P" and "T' in Fig. 1 1) 
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of the image to be printed, and a second tangent 84 for the image in relation to a 
mathematically defined configuration (the line 72 or 74 in Fig. 1 1) relating to the rotation 
angle of the row 70 and the distal end 76, whereby the print-head accompUshes a print out of 
the part ('Trintin") of an image as long as the prolongation, following the arrow of line 72, of 
the second tangent 84 bypasses the part of an image during a sweep. A sweep of the assembly 
should be read as a continuous forward movement or rotation. 

To be able to a correct decision for a print out of a part image, the present 
mvention is able to determine if the row 70 during movement is closing in to the second 
tangent 84 from the clockwise or counter clockwise direction. The print-head 60 is according 
to this accompUshing a print out of the part of an unage as long as the row 70 is closing in 
clockwise to the second tangent 84 when using the upper distal end 76 of the row 70 as 
reference for the second tangent 84, and the vice versa when using the lower distal end 78 as 
reference for a sweep. 

One possible embodiment of the present invention may incorporate that both 
distal ends 76, 78 are used through a mathematical configuration 72, 74, which would provide 
that a print out would occur as long both clockwise and the counter clockwise directions are 
closing in to a second tangent 84 not crossmg an image to be printed. 

A decision of whether a part of an image should be printed has to be taken on 
Une exactly before the image may be printed. Hence, the present invention sets forth means 
for providing a print out decision for a subsequent part image to be printed through the print- 
head 60 in firont of a print out, if the row 70 is closing in clockwise to the second tangent 84 
when using the upper distal end 76 of the row 70 as reference for the second tangent 84, and 
the vice versa when using the lower distal end 78 as reference for a sweep, hi order to 
describe how to find a direction to move the printer assembly for a successful print out a less 
mathematical description follows: 

. If some part of a first character (P) in a word lies close to 82 the print line or row 70, 
and if the direction is less downwards than a Active Ime 72 commencing fix)m the 
upper part 76 of the print-head array row 70 rotated clockwise until a part 84 of the 
line touches tiie word to be printed, then print out. 

During a movement to tiie left in Fig. 11, the problem becomes mverted. The 
above prevails under the condition that a movement is not changed during tiie time a word 
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is printed. It is also possible to take curved movements into consideration instead of the 

line 72, 74 solution above. 

In order to provide that the assembly of the present invention can operate as 
described, a great deal of "heavy" calculations have to be performed, for example, 
5 trigonometric calculations. Hence, the present invention presents a simpler solution to the 
addressed problem, but still within the scope of the invention as defined in the attached 
main claims. 

Instead of checking how every part unage to be printed is build up, the present 
invention suggests to put a frame 90 around each part image, as depicted in Fig. 12, which 
10 illustrates images that are flamed in accordance with one embodiment of the present 
invention. Part images to be printed in accordance with Fig. 12 are the following 
"Example", "of, "text", "to", and "print". It is appreciated that various other firamings are 
possible for a person skilled in the art. Those in Fig. 12 ai« to be regarded as possible 
examples. 

15 By determining the coordinates for the comers of the frames and store them in a 

look up table in an electronic memory, preferably arranged or sorted to consecutively 
correspond with the part images to be print out, the print out calculations are heavily 
reduced. 

Fig. 13 illustrates another embodiment of simpUfying calculations, where a row 
20 70 in a print-head array, being allocated half s of rectangles 100 in accordance with one 

embodiment of the present invention. Hereby, the printer line or row 70 is approximated with 
a plurality of vertical Imes 102 closed with horizontal lines 104 each "stair" making up a half 
of a rectangle 100 in shape. This approach simplifies the findmg of a location where a part of 
an image tangents the row 70. The vertical lines 102 are in parallel (base line) with the unage 
25 coordinates stored in the bitmap for the image in question. 

Fig. 14 illustrates a row 70 in a print-head array, bemg allocated just one half of 
a rectangle in accordance with one specific simplified embodiment of the present invention. 
This represents an extreme case of a "stair" approximation, with just one vertical Ime 102 and 

framed images to be printed. 
30 A less mathematical explanation of how the "stair" solution is operated is now 

provided: 

• If the print Ime or row 70 lower distal ends x coordmate is the same as for the fiame 
left side X coordinate, and if the direction of the Active Une 72 originating from the 
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upper distal end 76 is less downwards pointing then the upper right comer of the 
fiame, then allow a print out. 

Regardmg frames m the context of the present invention they could preferably in one 
embodiment of the invention be made a predetermined length longer then a part image itself 
to be printed, thus providing a pre check of the ahgmnent of the next part image to be printed. 

It is appreciated that some of the means used in the present mvention are 
hardware means or software means or a combination of both. 

The present invention is not restiicted to given embodiments or examples, but 
the attached set of claims define otiier embodiments for a person skilled in the art. 
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Claims 

1 . A sensor and print-head (2) assembly comprised in a housing (1) for a hand- 
held and hand-operated printing device controlled by a processor (4), comprising at least one 
sensor means (SO, SI), a print-head array (60). input means (6) on said housing (1) connected 

5 to said processor (4) for input of assembly control commands, and means for keeping track of 
the assemblies and print-heads position on a print medium, characterized in that it comprises 
for a print out sweep with said array: 

means for determining the x and y coordinates for at least one distal end (76, 78) 
of at least one row (70) of printing means m said print head array (60), and the angle of 

1 0 rotation of said row (70) with reference to a base line, made up of coordinates for the long 
side of an imiage stored to be printed, ^^ereby every dot of a part of an unage to be printed 
having determmable corresponding x and y coordmates related to a determined position for 
said row (70); 

means for determining an x and y coordinate for a first tangent (80, 82) of said 
15 row (70) with the first part of said image to be prmted, and at least one second tangent (84) 
for said image m relation to a mathematically defmed configuration (72, 74) relating to the 
rotation angle of the row and said distal end (76, 78), said second tangent making up a 
boundary for when a print out of said part image should take place; 

means for determining if said row (70) during movement is closmg in to said 
20 second tangent (84) from the clockwise or counter clockwise dkection; 

means for providing a print out decision for a subsequent part image to be 
printed through said prmt-head (60) in front of a print out, if the row (70) is closmg in 
clockwise to the second tangent (84) when using the upper distal end (76) of the row (70) as 
reference for the second tangent (84), and the vice versa when using the lower distal end (78) 
25 as reference for a sweep. 

2. An assembly accordmg to claim 1, wherein the prmt-head (60) is of the mk- 
jet type with spray nozzles (12) making up said row (70). 

3 . An assembly according to claun 2, wherein the first and last nozzle in said 
row are references for said distal ends. 

30 4. An assembly according to claims 1-3, wherein said mathematical 

configuration has one origin on at least one of the distal ends of said row. 
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5 . An assembly according to claims 1 -4, wherein said configuration is used for 
clockwise rotation and/or coxinter clockwise rotational print out feeding through said row. 

6. An assembly according to claims 1-5, wherem said mathematical 
configuration is a line suitable for forward feeding of said array. 

5 7. An assembly according to claims 1-5, vs^erein said mathematical 

configuration is a curve suitable for rotation feeding of said array. 

8. An assembly according to claims 1-7, wherein a fi:ame is related to each part 
image to be printed, thus defining every part unage through at most four tangent coordinates 
for a first and a second tangent. 
IQ 9. An assembly according to claim 8, wherein coordmates for a frame are stored 

in a table sorted m accordance with corresponding part images to be prmted. 

10. An assembly according to claim 8 or 9, wherein said fiame is longer then the 
actual part unage to be printed, v^^ereby a next image to be printed is pre checked accordmg 
to its alignment for printing. 
15 1 1. An assembly according to claims 1-9, wherein said array row is 

approximated with at least one half of a rectangle, thus faciUtating the finding of a tangent for 

said row for a part image to be printed. 

12. A method for a sensor and print-head (2) assembly comprised in a housing 
(1) for a handheld and hand operated printing device controlled by a processor (4), comprismg 
20 at least one sensor means (SO, SI) for keeping track of the assembUes and print-heads position 
on a print medium and a print-head array (60) characterized in that it comprises, during a 

print out sweep with said array, the steps of: 

- determining the position ofthe array at each moment; 

- predicting the positions ofthe array for subsequent moments in order to 

25 - determine whether a text block or an unage is about to be printed during said 

subsequent moments and if so 

- deciding whether the complete text block or image, or a predefined part ofthe text 
block or the image wiU be covered by said array during said print out sweep, based on 
said predictions, and if not, 

30 - omitting a print out of said text block or image, or said part of the text block or unage 
dviring said print out sweep, otherwise 
. printing out said text block or image during said print out sweep. 
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13. A method for a sensor and print-head (2) assembly comprised in a housing 
(1) for a hand-held and hand-operated printing device controlled by a processor (4), 
comprising at least one sensor means (SO, SI), a print-head array (60), input means (6) on said 
housing (1) connected to said processor (4) for input of assembly control commands, and 

5 means for keeping track of the assemblies and print-heads position on a print medium, 
characterized in that it comprises, during a print out sweep with said array, the steps of: 

determining the x and y coordinates for at least one distal end (76, 78) of at least 
one row (70) of printing means in said print head array (60), and the angle of rotation of said 
row (70) with reference to a base line, made up of coordinates for the long side of an image 

10 stored to be printed, whereby every dot of a part of an image to be printed having 

determinable correspondmg x and y coordinates related to a determined position for said row 
(70); 

determining an x and y coordinate for a first tangent (80, 82) of said row (70) 
with the first part of said image to be printed, and at least one second tangent (84) for said 

15 image in relation to a mathematically defined configuration (72, 74) relating to the rotation 
angle of the row and said distal end (76, 78), said second tangent making up a boundary for 
when a print out of said part image should take place; 

determining if said row (70) during movement is closing in to said second 
tangent (84) firom the clockwise or counter clockwise direction; and 

20 providing a print out decision for a subsequent part image to be printed through 

said print-head (60) in front of a print out, if the row (70) is closing in clockwise to the second 
tangent (84) when usmg the upper distal end (76) of the row (70) as reference for the second 
tangent (84), and the vice versa when using the lower distal end (78) as reference for a sweep. 

14. A method according to claim 13, wherem the print-head is of the ink-jet type 
25 Avith spray nozzles making up said row. 

1 5. A method according to claim 14, wherem the first and last nozzle in said row 
are references for said distal ends. 

16. A method according to claims 13-15, wherein said mathematical 
configuration has one origin on at least one of the distal ends of said row. 

30 17. A method according to claims 13-16, wherein said configuration is used for 

clockwise rotation and/or counter clockwise rotational print out feeding through said row. 
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18. A method according to claims 13-17, wherein said mathematical 
configuration is a line suitable for forward feeding with less rotation of said array. 

19. A method according to claims 13-17, wherein said mafliematical 
configuration is a curve suitable for rotation feeding of said array. 

5 20. A method according to claims 13-19, wherein a frame is related to each part 

image to be printed, thus defining every part image through at most four tangent coordinates 

for a first and a second tangent. 

21 . A method according to claim 20, wherein coordinates for a frame are stored 

in a table sorted in accordance with corresponding part images to be printed. 
10 22. A method according to claim 20 or 21, wherein said frame is longer then the 

actual part image to be printed, whereby a next image to be printed is pre checked according 

to its aligmnent for printing. 

23. A method according to claims 13-22, vsiierein said array row is 

approximated with at least one half of a rectangle, thus feciUtating the finding of a tangent for 
1 5 said row for a part image to be printed. 
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